Land Owners Restore Rainforest In Sri Lanka, Bangamukanda Estate, Pitigala, Galle, Sri Lanka.
Introduction
Since sounding the alarm of the biodiversity crisis in the 1970s, most conservationists have focused on establishing protected areas to conserve endangered habitats and species (Scherr & Shames 2006) . Agricultural production areas have been seen as useless for conservation activities and their growth viewed as a threat (Scherr & Shames 2006) .
In recent decades, sustainable farmers and researchers around the world have responded to the extractive industrial model with ecology based approaches such as eco-agriculture, agro-forestry or analogue forest (Earles 2005, Scherr & Shames 2006) . All of them, representing thousands of farms, have contributed to our understanding of what sustainable systems are, and each of them shares a vision of "farming with nature", an agro-ecology that promotes biodiversity, recycles plant nutrients, protects soil from erosion, conserves and protect water. Also uncultivated portions of mainly agricultural landscapes can provide patches of habitat for forest wildlife and form corridors that connect protected areas and allow species to continue genetic contact with populations that would otherwise be isolated (Scherr & Shames 2006) . For example, millions of hectares of multi-strata 'agro-forests' in Indonesia produce commercial rubber, fruits, spices and timber. The number of wild plant and animal species in these agro-forests is often nearly as high as in natural forests (Scherr & Shames 2006) . There is growing evidence that traditional agroecosystems contribute to sustain the regional biodiversity of many invertebrate and vertebrate species (Lawler, 2001) .
Vast extents of Sri Lanka's biodiversity rich lands which were transferred into mono crop plantations during the colonial era are regenerating in many places due to various reasons, both natural and man made. The Bangamukanda Estate is an example which consists of 18 hectares plantation land (tea, rubber and cinnamon) that has been deliberately converted to an analogue forest as a direct result of the far sighted, land use policy of the 1970 -1977 government which introduced crop diversification of uneconomic tea lands. The Bangamukande Estate is situated in Pitigala, Galle, Sri Lanka. The land was transformed into an undulating terrain that consists of a series of ridges and valleys with an altitudinal range from 100 m to 300 m. It has an intricate network of small streams, which drains into the river Benthara.
In 1904 ancestors of the present owner planted agricultural mono crops such as cinnamon, rubber, and tea . This practice continued up to 1973. It was changed in 1973 and 12 hectares of cinnamon and tea land were transferred into analogue forest using a government subsidy, under crop diversification of uneconomic tea lands. The remaining rubber field of 6 hectares is presently allowed to regenerate into forestland while being tapped. Sri Lanka's point of view is that, the primary natural ecosystems found in the low country wet zone consist of lowland rainforests, which are severely fragmented and interspersed between human managed agro ecosystems and home gardens. These wet-zone ecosystems harbour a high percentage of endemic and globally threatened species of animals and plants (Gunatilleke et al., 2005; Pethiyagoda, 2005) . Wetzone of Sri Lanka along with the Western Ghats is recognized as one of the world's 11 biodiversity "hyperhot" hotspots, which demand extensive conservation investment (Myers et al. 2000 , Brookes et al. 2002 . However agro ecosystems and human settlements cover most of the land area in the wet-zone of Sri Lanka (Gamage 2005) . These habitats are frequently subjected to human modification and therefore the environment of these habitats is constantly changing whose impact on the biodiversity is little known. However, these man made habitats function as an integral part of the habitats of large number of fauna and flora but most of the studies are presently confined to herpetofauna and freshwater fish (Gamage 2000 , Gamage et al. 2002 , Gamage et al. 2005 .
Analogue forest is a tree-dominated ecosystem that is analogous in structure and function to the original climax and sub-climax forest community. With time, the natural succession of any undisturbed forest community is to increase in diversity and stability until a highly complex ecosystem or Climax State is reached. When an ecosystem is designed to mimic the indigenous Climax State, the efficiency and dynamics of the natural processes can be replicated. Such forests are referred to as analogue forests which are considered to provide economic benefits. A wide range of supplies can be produced that may include: fruit, nuts, herbs, cut flowers and cut-foliage, pharmaceuticals, and timber. Furthermore this type of concept can be used to link the fragmented forest patches in the wet zone of Sri Lanka.
Therefore the main objective of this study was to assess the diversity of vertebrate fauna in this 30 years old analogue forest (Bangamukanda Estate).
Materials and Methods
The 
Herpetofauna
The quadrate sampling method was the main method used to study the herpetofauna. It involves placing small squares (quadrates) at randomly selected sites within a habitat and thoroughly searching these squares for presence of herpetofauna (Heinen 1992). Quadrate sampling was done during September 2003 to November 2003. A total of eighteen 8 × 8 m quadrates were placed at randomly selected points in each study site. In placing of quadrates, areas with a high relief angle or areas adjacent to tree-fall gaps were omitted. All of the sampled quadrates in the agroecosystems were located within 1-2 km from natural vegetations. A 45cm height polythene fence was placed along the sides of the quadrate to prevent animals from escaping. A minimum of two people was engaged in all of the sampling sessions. Sampling involved sorting through all leaf litter in the plot, tree trunks, branches, under stones and logs (Fauth et al. 1989 , Heinen 1992 . Furthermore fixed line traces were also used to assess the herpetofauna.
Avifauna and Mammals
Fixed line transect method was used to assess avian and mammalian richness of the study site (Sutherland 1996) . Day and night surveys were carried out during a period from August 2003 to November 2005. Field observations were made from 6.30 am to 9.00 am and 4.00 pm to 6.00 pm. In addition night observations were made from 7.00 pm to 10.00 pm and 2.00 am to 6.00 am. Table 1 The number of vertebrate species, families and endemic species recorded in each taxonomic group during the study period. 
Results
In the course of this study 206 species of vertebrates belonging to 74 families were observed out of which 58 species were endemic to Sri Lanka ( Table 1 ). The vertebrate fauna was comprised 18 species of amphibians, 25 species of snakes, 17 species of tetrapod, reptiles, 23 species of fish, 89 species of birds and 34 species of mammals (Table 01 & Appendix). A total of 54 endemic vertebrate species were recorded during the survey which include 12 amphibians and 13 fresh water fish. Table 2 shows the conservation status of some threatened species found in the study site of which four were vulnerable, six were endangered, one critically endangered and one was data deficient. This critically endangered frog (Philatus nemus) is a newly discovered species which was only found in Hiniduma Kanda forest reserve previously (Manamendra-Arachchi & Pethiyagoda, 2005).
Discussion
The results indicate that the Bangamukanda Estate (analogue forest) is an agroecosystem that sustains a high diversity of vertebrate fauna. A variety of methods targeting at different groups enabled the documentation of vertebrate diversity in Bangamukanda Estate expressed in terms of species richness.
The total vertebrate richness shows that Bangamukanda Estate harbours a comparatively high number of species. In addition to the species richness, the study site is also evident for providing niches for a large number of endemic vertebrates. The results clearly indicate that such agro-forestry systems are closer to natural conditions and maintain high biodiversity. The study site is providing niches for nine globally threatened species of which one species is critically endangered. This clearly shows the importance of this ecosystem. Most of the birds and mammal species are using this estate as a temporary refuge ground or feeding area, while they move from one forest patch to another suggesting that further studies are necessary to evaluate the importance of agricultural systems as means of connecting forest patches in the country.
Conclusion
According to the results, it can be concluded that analogue forest systems are sustaining high level of vertebrate diversity and endemism. As a concept analogue forestry system is biodynamic and environmentally friendly (Hochegger 1998; Earles 2005). Our study confirmed this concept. In addition the findings of the survey clearly highlighted the contribution of analogue forest systems towards sustaining rich biodiversity. Such agro-ecosystems can be used to link the forest patches in the wet zone. However, a detailed study on analogue forest systems has to be carried out for further confirmation of the validity of the concept and to plan conservation strategies to increase biodiversity in the agro ecosystems. 
